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Description 

FIELD OF THE INVENTION 

This invention relates to improved apparatus for 
performing electrophoresis, and more particularly to an 
improved real-time scanning fluorescence electro- 
phoresis apparatus for polynucleotide fragment analy- 
sis. 

BACKGROUND OF THE INVENTION 

Electrophoretic polynucleotide fragment analysis 
methods are used to characterize mixtures of polynu- 
cleotide fragments based on their migration velocity 
through a polymer network under the influence of an 
electric field, i.e. their electrophoretic mobility, in combi- 
nation with single or multi-color fluorescence detection. 
Typically these methods are applied subsequent to am- 
plification of the target polynucleotide using a method 
such as PCR, e.g. Muliis, U.S. patent 4,683,202 Exam- 
ples of such methods include polynucleotide sequenc- 
ing, e.g. Trainor, Anal.Chem., 62: 418-426 (1990), re- 
striction fragment length polymorphisim (RFLP) analy- 
sis, e.g. Watkins, Biotechniques, 6: 31 0-31 9 (1 988), and 
variable number of tandem repeat (VNTR) or microsat- 
ellite analysis, e.g. Ziegle et al., Genomics, 14: 
1 026-1 031 . Each ofthese methods can provide valuable 
genetic information about the target polynucleotide. 

Current electrophoretic polynucleotide fragment 
analysis systems are characterized by multiple electro- 
phoresis lanes arranged in a planar array, e.g. a multi- 
lane slab gel, in combination with a real-time-scanning 
fluorescence detector, e.g. Hunkapiller et al., U.S. pat- 
ent 4,811,218. Multiple lanes are used to increase the 
overall throughput of the analyzer. In order to collect da- 
ta during the electrophoresis from multiple lanes, the op- 
tical detector system is scanned across the width of the 
electrophoresis chamber perpendicular to the direction 
of migration of the labeled polynucleotides. Preferably, 
multi-color fluorescence detection is used to increase 
the information density per lane, e.g. for DNA sequenc- 
ing, four label colors are used, one color for each base. 
A light source, e.g. a laser, excites the fluorescent labels 
attached to the polynucleotide fragments, and multiple 
emission filters discriminate between labels having dif- 
ferent spectral properties. In addition, a computer is 
used to collect data consisting of time, lane number, and 
fluorescence emission wavelength information, and 
transform it into useful information, e.g. DNA sequence. 

A significant limitation on the speed and resolution 
of current polynucleotide fragment analysis systems is 
the ability to dissipate the Joule heat that is generated 
as a result of the electric current passing through the 
electrophoresis medium. Because of problems caused 
by Joule heating, current systems are limited to low, e. 
g. 25 V/cm, electrical fields, resulting in long analysis 
times, e.g. 8 hrs. Joule heating and the resulting tem- 



perature gradient across the gel can negatively impact 
the quality of the separation in two ways. First, because 
heat is generated throughout the electrophoresis medi- 
um but only dissipated at its' outside surfaces, a para- 

5 bolic temperature profile is establish across the depth 
of the channel. Since electrophoretic velocity is a strong 
function o1 temperature, approximately 2% per °C, this 
temperature profile leads to a parabolic velocity profile 
for the migrating analytes. This spatial dependence of 

io velocity causes a broadening of the migrating zones, 
leading to reduced separation performance. The extent 
of the temperature profile can be reduced by making the 
electrophoresis channel thinner, e.g. Brumley et al., Nu- 
cleic Acids Research, 19: 4121-4126 (1991); Stegem- 

75 ann et al., Methods in Molecular and Cellular Biology, 2: 
1 B2-1 84 (1 991 ). Therefore, an automated system which 
incorporates thin electrophoresis channels would be de- 
sirable. 

Second, if the average temperature of the electro- 

20 phoresis medium becomes too high, the structural in- 
tegrity of the medium can be compromised. In the case 
of polymer gel media, e.g. crosslinked polyacrylamide 
gels, the elevated temperature can lead to complete de- 
struction of the gel. The average temperature of the 

25 electrophoresis medium can be controlled by increasing 
the rate of heat transfer from the electrophoresis chan- 
nel to the surrounding environment. Therefore, a system 
which more efficiently transfers the Joule heat generat- 
ed as a result of the electrophoresis to the surrounding 

30 environment would be desirable. 

A further limitation on the speed and resolution of 
electrophoretic separations is the rate at which the de- 
tector can acquire data from fast moving analyte bands. 
The most desirable form of detection for polynucleotide 

35 fragment analysis would be simultaneous multi-color 
detection. However, current approaches, i.e. an index- 
able filter wheel in combination with a photomultiplier 
tube (PMT) detector, are not ideal because the filter 
wheel must be indexed rapidly enough to observe each 

to color before it moves out of the detector region. This is 
problematic due to the high electrophoretic velocity of 
the polynucleotide fragments in high-speed systems. If 
a sufficient number of data points are not collected for 
each analyte band, e.g. 10 points per band, the ability 

4S to discriminate between adjacent bands is lost. One way 
to increase the rate of data acquisition for a multi-color 
system is to collect signals from all the colors simulta- 
neously rather than serially. Therefore, a detection sys- 
tem which acquires all colors simultaneously would be 

so desirable. 

In light of the above, what was needed was an im- 
proved electrophoresis apparatus capable of accommo- 
dating high electric fields through enhanced heat dissi- 
pation characteristics and detector performance. 

55 

SUMMARY OF THE INVENTION 

The present Invention is directed to improvements 
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to an apparatus for electrophoretic polynucleotide anal- 
ysis, said improvements leading to increased through- 
put of the system. The improvements include (i) incor- 
porating a spectral-array detector to increase the rate of 
data acquisition, and (ii) incorporating an improved 
means to control the temperature of the electrophoresis 
medium. The analyzer system of the present invention 
is comprised of, in combination, 

An improved real-time scanning fluorescence elec- 
trophoresis apparatus for the electrophoretic analysis of 
fluorescently-labeled polynucleotide fragments of the 
type having an electrophoresis chamber containing an 
electrophoretic separation medium capable of accom- 
modating multiple electrophoresis lanes arranged in a 
planar array, a fluorescence detector mounted on a 
translatable stage, a light source for exciting fluorescent 
molecules, and a computer for collecting data consisting 
of time, location, fluorescence wavelength and fluores- 
cent intensity information wherein the improvement 
comprises: 

(a) a spectral-array detector for detecting the emis- 
sion light from said fluorescently-labeled polynucle- 
otide fragments including the simultaneous detec- 
tion of multiple fluorescent labels, 

(b) a temperature control means to control the tem- 
perature of the electrophoretic separation medium 
during electrophoresis. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows a vertically oriented slab gel. 

Figure 2 shows a schematic diagram of the light 
path in a preferred embodiment of the spectral-array de- 
tection system of the present invention. 

Figures 3 shows a plate holder according to a pref- 
ered embodiment of the invention. 

Figure 4 shows a piate locating mechanism accord- 
ing to a pref ered embodiment of the invention. . 

Figure 5 shows a temperature control mechanism 
according to. a prefered embodiment of the invention. 

DEFINITIONS 

The term "polynucleotide* as used herein refers to 
linear polymers of natural or modified nucleoside mon- 
omers, including double and single stranded deoxyribo- 
nucleosides, ribonucleosides, a-anomeric forms there- 
of, and the like. Usually the nucleoside monomers are 
linked by phosphodiester bonds or analogs thereof to 
form polynucleotides ranging in size from a few mono- 
meric units, e.g. 8-40, to several thousands of mono- 
meric units. Whenever a polynucleotide is represented 
by a sequence of letters, such as "ATGCCTG," it will be 
understood that the nucleotides are in 5'-3' order from 
left to right and that "A" denotes deoxyadenosine, "C" 
denotes deoxycytidine, "G" denotes deoxyguanosine, 
and "T" denotes thymidine, unless otherwise noted. 



Analogs of phosphodiester linkages include phospho- 
rothioate, phosphorodithioate, phosphoroselenoate, 
phosphorodiselenoate, phosphoroanilothioate, phos- 
phoranilidate, phosphoramidate, and the like. 
s As used herein, "nucleoside" includes the natural 
nucleosides, including 2*-deoxy and 2'-hydroxyl forms, 
e.g. as described in Komberg and Baker, DNA Replica- 
tion, 2nd Ed. (Freeman, San Francisco, 1992). "Ana- 
logs' in reference to nucleosides includes synthetic nu- 
io cleosides having modified base moieties and/or modi- 
fied sugar moieties, e.g. described generally by Scheit, 
Nucleotide Analogs (John Wiley, New York, 1 980). 

As used herein, the term "electrophoretic separa- 
tion medium" refers to a material through which the poly- 
75 nucleotides are electrophoresed and which imparts a 
size-dependent electrophoretic velocity to the polynu- 
cleotides. Typically, such material is a porous network 
formed by linear or branched polymer molecules, or the 
like, e.g. crosslinked polyacrylamide. 
20 As used herein, the term "electrophoresis chamber" 
refers to the container in which the electrophorertic sep- 
aration is contained. Typically, this container is formed 
by two rectangular glass plates which are separated by 
thin polymer sheets, spacers, located between the 
& plates at the edge regions of the plates. This is tradition- 
ally referred to as slab electrophoresis. When the elec- 
trophoretic separation medium is a rigid crosslinked gel, 
this format is referred to as slab gel electrophoresis. 



30 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 shows polynucleotide fragment samples 
(2) which have been labeled with one of several fluoro- 
35 phores loaded into loading wells (4) of vertically oriented 
slab gel (8), said gel mounted in the analyzer of the 
present invention. The fragments are electrophoresed 
through gel (8) where they are separated based on their 
relative size. Following separation, the fragments pass 
40 through laser excitation and detection region (1 2) where 
the fluorescentiy labeled polynucleotide fragments are 
detected. The fluorophores emit light at a specific wave- 
length based upon the particular dye used, thereby fa- 
cilitating the identification of each fragment. 
45 After the polynucleotide fragments have been sep- 
arated, they are detected by a simultaneous multi-color 
detection means. An important feature ofthe polynucle- 
otide analyzer of the present invention is the "spectral- 
array fluorescence detector". As used herein, the term 
so "spectral- array fluorescence detector" refers to a detec- 
tor which employs (i) a means to spectrally separate the 
fluorescence emission light, such as a diffraction grat- 
ing, or a prism, or the like, (ii) an array of detector ele- 
ments sensitive to light radiation, such as a diode array, 
55 a charged coupled device (CCD) system, an array of 
photomultiplier tubes, or the like, (iii) an excitation light 
source, such as an incandescent bulb, an arc lamp, a 
laser, a laser diode, or the like, and (iv) associated optics 
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capable of directing and conditioning both the excitation 
and emission light. The output of a spectral-array detec- 
tor is light intensity as a function of array location, where- 
in the array location can be directly related to the wave- 
length of the light falling on that location. One example 
of such a detector is given by Karger et al., Nucleic Acids 
Research 19: 4955-4962 (1991). 

One preferred method of treating the output of a 
spectral-array detector is to create a "virtual filter". As 
used herein, the term "virtual filter" refers to a method 
of manipulating data from a spectral-array detector such 
that a plurality of discrete wavelength ranges are sam- 
pled, wherein the location and bandwidth of each wave- 
length range can be dynamically changed using soft- 
ware. The virtual fitter can mimic a physical interference 
or absorbence filter, however it has several important 
advantages. First, virtual-filters can be programmed to 
interrogate multiple emission wavelengths simultane- 
ously, making possible the efficient multi-color detection 
of fast-moving analytes without the need to rapidly index 
a multiplicity of filters. Second, virtual filters can be pro- 
grammed to detect a range of emission bandwidths. 
This is important because for any application, there ex- 
ists an optimum bandwidth which results in an optimum 
combination of sensitivity and color discrimination: as 
the detection band width is made wider, the detector col- 
lects more light, thereby increasing sensitivity, however, 
at the same time, the broader bandwidth decreases the 
ability to discriminate between closely related colors. 
Third, virtual filters have essentially perfect transmission 
curves, i.e. the filter can discriminate between very 
closely related colors. Forth, the selected wavelength 
ranges of the virtual filter can be easily adjusted using 
software to match the characteristics of various excita- 
tion light sources and dye sets. Therefore, changing dye 
chemistries is a simple matter of changing the virtual fil- 
ter with software, whereas a mechanical modification of 
the system is required when physical filters are used. 
Moreover, the selected wavelength ranges and band 
widths of the virtual filter can be changed dynamically, 
i.e. during the course of a run, to compensate for any 
spectral changes in the dye labels which occur during a 
run. 

Figure 2 is a schematic diagram of the light path in 
a preferred embodiment of the spectral-array detection 
system of the present invention. Preferably, the analyzer 
system of the invention uses a laser as a fluorescence 
excitation light source, e.g. an argon ion laser that emits 
a 40 mW : 0.67 mm diameter polarized light beam having 
intensity maxima at wavelengths of 4B8 and 514 nm. 
Light from laser (66) is reflected off of adjustably-mount- 
ed turning mirrors (6B) which direct the laser light to the 
desired location. Telescope lenses (70) then reduce the 
beam diameter to approximately 1 00 jim, and bending 
mirror (72) directs the light into electrophoresis medium 
(104) at right angles. 

Light emitted from the laser-excited fluorescent la- 
bel is collected by aspheric collection lens (74) which 



collimates the light in the direction of the detector. The 
emitted light then passes around bending mirror (72) 
and through laser rejection filter (76), thereby reducing 
the level of scattered laser light entering the detector. 
5 Because the excitation laser light passes through the 
center of aspheric collection lens (74), a certain amount 
of laser light will be reflected directly back from the lens 
surface in the direction of the detector, causing unwant- 
. ed background signal. Bending mirror (72), which is 
70 mounted in the center of laser rejection filter (76), acts 
to deflect this reflected light away from the collection 
path thus reducing the amount of reflected light entering 
the detector. The collected emission light then passes 
through plano-convex lens (78) which focuses the emis- 
75 sion light at slit (80) mounted on the entrance to spec- 
trograph (82). (Spectrograph (82) utilizes a 405 g/mm, 
450 nm blaze grating with a dispersion of 17 nm/mm.) 
After passing through spectrograph (82), the light then 
falls onto CCD (90). The output signal from CCD (90) is 
20 transmitted to electronic computer (64) for subsequent 
data analysis and presentation. 

To further increase the emission light signal and de- 
crease background light scatter, a nonconductive mirror 
coating is applied to inside surface (102) of front gel 
2S plate (1 08). This surface reflects emission light back to 
the collection lenses rather than allowing it to be lost to 
the surroundings through the front gel plate. In addition, 
when the primary laser light strikes this mirrored surface 
it is reflected back through the gel, thereby exciting ad- 
30 ditional fluorophores resulting in more emission light. 
Furthermore; this mirrored surface decreases unwanted 
background light generated by the fluorescence of the 
front glass plate itself. 

In order to interrogate all of the electrophoresis 
35 lanes on a real-time basis, the optical system described 
above, less turning mirrors (68) and computer (90), is 
scanned across the width of the electrophoresis cham- 
ber. 

Another important feature of the present invention 
to is the novel means used to mount the electrophoresis 
chamber onto the analyzer. Preferably, the electro- 
phoresis chamber is formed by two glass plates sepa- 
rated by two spacers located at the left and right edges 
of the plates. The glass plates are mounted into a plate 
4$ holder which acts to support and secure the glass plates 
along with an upper buffer reservoir in a convenient 
manner. See Figure 3. The plate holder consists of rec- 
tangular frame (200) onto which is attached plurality of 
twist clamps (204). (Note that only one twist clamp is 
so indicated in Figure 3, as (84), in order to retain the clarity 
of the drawing.) When twist clamps (84) are in the hor- 
izontal orientation, they serve to secure the glass plates 
in the holder, and, when twist clamps (84) are in a ver- 
tical orientation, they allow the glass plates to be con- 
55 veniently inserted or removed from the plate holder. The 
rectangular frame includes two locational registration 
notches (208) to insure the proper positioning of the 
plate holder in the analyzer. Beam-stop (212) is posi- 
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tioned so as to protect the user from direct exposure to 
the excitation laser light. The frame also includes two 
handles (202) to facilitate transportation of the plate 
holder assembly. The plate holder provides a means for 
detachably mounting upper buffer reservoir (216). A 
protrusion (228) on each side of upper buffer reservoir 
(216) is positioned such that when the uppermost twist 
clamps are in the horizontal position, the upper buffer 
reservoir (216) is forced against the front glass plate, 
thereby creating a liquid-tight seal between the upper 
buffer chamber and the front glass plate. Upper buffer 
reservoir (216) contains electrode (220) and electrical 
cable (224) for connecting electrode (220) to an electro- 
phoresis power supply. The plate holder is designed to 
secure glass plates of varying lengths. For applications 
requiring less separation and/or a shorter analysis time, 
a shorter length would be used, and for applications re- 
quiring more separation and for which longer analysis 
times can be tolerated, a longer length would be used. 

A further important aspect of the present invention 
is the plate beating mechanism. In order to efficiently 
collect the fluorescence emission light, the detection re- 
gion of the electrophoresis chamber must be properly 
positioned with respect to the collection optics. Specifi- 
cally, the detection region must be aligned such that the 
focal point of the collection optics is located within the 
separation medium, and not in the wall of the electro- 
phoresis chamber. The plate locating mechanism in- 
sures that this positioning is reproducibly achieved. The 
mechanism will be described with reference to Figure 4. 
When a thin electrophoresis chamber is being used, i. 
e. less than 0.2 mm, preadjusted locating pins (300) fit 
through notches (304) in back glass plate (308) and 
push front glass plate (312) against front tip (324) of lo- 
cating pins (300). When a thick electrophoresis cham- 
ber is being used, i.e. greater than 0.2 mm, step-portion 
(320) of locating pins (300) is forced against back glass 
plate (312). Locating pins (300) are preadjusted such 
that the interior of the electrophoresis chamber is at the 
focal point of the collection optics. Glass plates (308 and 
312) are forced against locating pins (300) by twist 
clamps (330). 

While increasing the electric field across the elec- 
trophoresis chamber increases the speed of the elec- 
trophoretic separation, it also leads to increased Joule 
heat generated within the electrophoresis medium, 
which in turn can lead to destruction of the electrophore- 
sis medium. To remove the heat generated by running 
"fast" electrophoresis, a temperature control mecha- 
nism (Figure 5 ) has been developed. The temperature 
control mechanism includes a back heat transfer plate 
(400) against which back glass plate (404) is mounted 
to the instrument. Preferably, heat transfer plate (400) 
is made from coated aluminum. The coating acts as an 
electrical insulator to inhibit arcing between back glass 
plate (404) and the rest of the Instrument. Within back 
cooling plate (400) are channels through which a flow- 
able heat transfer medium can be circulated. Front heat 
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transfer plate (408), also containing channels capable 
of being filled with a flowable heat transfer medium, is 
contacted with front glass plate (412). Pump (416) cir- 
culates the flowable heat transfer medium from reser- 
voir (420) through front and back heat transfer plates 
(400 and 408). Heat is removed from the circulating 
flowable heat transfer medium by passing it through 
heat exchanger (424), thereby cooling the flowable heat 
transfer medium to ambient temperature. If superambi- 
ent heating or subambient cooling of the gels is desired 
for a specific application, the flowable heat transfer me- 
dium passes through a heater or cooler (not shown) be- 
fore flowing through the heat transfer plates. Active tem- 
perature control of the gel is effected by means of tem- 
perature sensors (430) mounted to the heat transfer 
plates in combination with computer (434) which regu- 
lates the temperature of the plates by controlling the flow 
rate of the flowable heat transfer medium through the 
heat transfer plates. 

Although the invention has been illustrated by the 
foregoing description it is not to be construed as being 
limited to the materials employed therein but rather the 
invention is directed to the generic area as hereinbefore 
disclosed, various modifications and embodiments 
thereof can be made without departing from the spirit or 
scope thereof. 
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Claims 

1. A real-time scanning fluorescence electrophoresis 
apparatus for the elect rophoretic analysis of fluo- 
rescent ly-labeled polynucleotide fragments of the 
type having an electrophoresis chamber containing 
an electrophoretic separation medium capable of 
accommodating multiple electrophoresis lanes ar- 
ranged in a planar array, a fluorescence detector 
mounted on a translatable stage, a light source for 
exciting fluorescent molecules, and a computer for 
collecting data consisting of time, location fluores- 
cence wavelength and fluorescent intensity infor- 
mation wherein the improvement comprises: 

(a) a spectral-array detector for detecting emis- 
sion light from said fluorescently -labeled poly- 
nucleotide fragments including the simultane- 
ous detection of multiple fluorescent labels, 

(b) a temperature control means to control the 
temperature of the electrophoretic separation 
medium during electrophoresis. 

2. The apparatus of claim 1 wherein the output of the 
spectral-array detector is processed so as to effect 
a virtual filter. 

3. The apparatus of claim 2 wherein the wavelengths 
of said virtual filter are 540, 560, 580, and 610 nm, 
each lOnm wide. 
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4. The apparatus of claim 2 wherein the wavelengths 
of said virtual filter are 530, 545, 560, 580 nm, each 
10 nm wide. 

5. The apparatus of claim 1 wherein the spectral-array 
detector comprises: 

(a) a diffraction grating to separate the emission 
light, 

(b) a CCD array to detect the location and in- 
tensity of the separated emission light, 

(c) a laser excitation light source, 

(d) an optica! arrangement to direct and condi- 
tion the excitation and emission light in order to 
minimize the amount of scattered excitation 
light reaching the detector. 

6. The apparatus of claim 5 wherein the spectral-array 
detector comprises an optica! arrangement com- 
prising: 

(a) turning mirrors which direct the laser light to 
a desired location, 

(b) telescopic lenses which focus the laser light 
to a position within the electophoresis chamber, 

(c) a bending mirror that directs the laser light 
at a right angles to the electrophoresis cham- 
ber 

(d) an aspheric collection lens that coHimates 
the fluorescence emission light in the direction 
of the detector, 

(e) a set of laser rejection filters that reduce the 
level of extraneous laser light entering the de- 
tector, and, 

(f ) a plano-convex lens which locuses the emis- 
sion light at a desired location. 

7. The apparatus of claim 1 wherein the temperature 
control means comprises thermally controlled front 
and back heat transfer plates which are in contact 
with a front and back face of the electrophoresis 
chamber. 

8. The apparatus of claim 7 wherein the front and back 
heat transfer plates are made from coated alumi- 
num wherein the coating acts to electrically insulate 
the heat transfer plates from the electrophoresis 
voltage. 

9. The apparatus of claim 7 wherein the temperature 
control means comprises: 

(a) a front heat transfer plate placed in contact 
with a front face of the electrophoresis cham- 
ber wherein flow channels are formed within 
the front heat transfer plate Including inlet and 
outlet ports, 

(b) a back heat transfer plate placed in contact 



with a back face of the electrophoresis cham- 
ber, wherein flow channels are formed within 
the front heat transfer plate including inlet and 
outlet ports, 

5 (c) a flowable heat transfer medium which is cir- 

culated through the flow channels in the front 
and back heat transfer plates, 

(d) a pump to circulate the flowable heat trans- 
fer medium, 

(e) a heat exchanger in which the flowable heat 
transfer medium can exchange heat with the 
ambient atmosphere, 

(f) a computer for controlling the temperature 
of the heat transfer plates by controlling the flow 
ol the circulating heat transler medium, 

(g) a temperature sensor in contact with the 
front and back heat transfer plates and electri- 
cally connected to the computer to relay tem- 
perature information to the computer. 

10. The apparatus of claim 9 wherein said heat ex- 
changer is replaced by a cooler wherein the cooler 
cools the flowable heat transfer medium below the 
temperature of the ambient atmosphere 

11. The apparatus of claim 9 wherein said heat ex- 
changer is replaced by a heater wherein the heater 
heats the flowable heat transfer medium above the 
temperature of the ambient atmosphere. 

12. The apparatus of claim 1 wherein the electrophore- 
sis chamber comprises: 

(a) front and a back glass plates, where the 
back plate is defined as the plate through which 
the excitation laser light enters the electro- 
phoresis chamber, 

(b) two spacers which serve to maintain a uni- 
form separation between the glass plates, 
spaced so as to provide a chamber thickness 
of from 0.1 to 1.0 mm, 

(c) a plate holder which can accommodate 
glass plates of varying lengths and which acts 
to support and secure said electrophoresis me- 
dium and wherein said plates are held firmly in 
place within the plate holder by clamps which 
keep the edges of the plates sealed to prevent 
separation medium from leaking. 

13. The apparatus of claim 12 having a plate locating 
mechanism which optimally positions the detection 
region of the electrophoresis chamber with respect 
to the detectbn optics. 

55 14. The apparatus of claim 12 having a mirror coating 
applied to the inside-facing surface of the front plate 
so that the excitation laser light, after passing 
through the back plate and the electrophoresis 
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chamber, strikes the mirror surface and is reflected 
back through the electrophoresis chamber, thereby 
exciting additional fluorophores whose light is then 
collected, resulting in an increased emitted light sig- 
nal. 



Patentanspruche 

1. Eine Vorrichtung zur elektrophoretischen Echtzeit- 
analyse von fluoreszenzmarkierten Poiynucleotid- 
fragmenten durch fluoreszierende Abtastelektro- 
phorese mit einer Elektrophoresekammer, die ein 
elektrophoretisches Separationsmedium enthalt, 
das mehrere, planar angeordnete Elektrophorese- 
bahnen aufnehmen kann, einem Fluoreszenzde- 
tektor, derauf ein umsetzbares Gestell montiert ist, 
einer Lichtquelle zur Erregung von Fluoreszenzmo- 
lekulen sowie einem Rechner zum Sammeln von 
Daten Ober Zeit, Ort, Fluoreszenzwellenlange und 
Fluoreszenzintensitat, worin die Verbesserung fol- 
gendes aufweist: 

(a) einen Spektralanordnungsdetektor zur Er- 
fassung von Emissionslicht aus den fluores- 
zenzmarkierten Polynucleotidfragmenten, ein- 
schlieBlich simultaner Erfassung mehrfacher 
Fluoreszenzmarkierungen, 



2. Die Vorrichtung nach Anspruch 1 , worin die Ausga- 
be des Spektralanordnungsdetektor so bearbeitet 35 
wird, daB sie einen virtuellen Filter bewirkt. 

B. 

3. Die Vorrichtung nach Anspruch 2, worin die Wellen- 
langen des virtuellen Filters 540, 560, 580 und 610 

nm sind, jeweils 10 nm breit. 40 

4. Die Vorrichtung nach Anspruch 2, worin die Welien- 
langen des virtuellen Filters 530, 545, 560 und 580 

nm sind, jeweils 1 0 nm breit. 9. 

45 

5. Die Vorrichtung nach Anspruch 1 , worin der Spek- 
tralanordnungsdetektor folgendes aufweist: 

(a) ein Beugungsgitter zur Separation des 
Emissionslichts, so 



tionieren, daB die Menge an zerstreutem Erre- 
gerlicht, das den Detektor erreicht, minimiert 
wird. 



(f) eine plankonvexe Linse, die das Emissions- 
licht an einem gewunschten Ort fokussiert. 

Die Vorrichtung nach Anspruch 1 , worin die Tempe- 
ratursteuerung thermisch gesteuerte stimseitige 
und ruckseitige Warmeubertragungsplatten auf- 
weist, die eine stimseitige und eine ruckseitige Fla- 
che der Elektrophoresekammer beruhren. 

Die Vorrichtung nach Anspruch 7, worin die stim- 
seitige und die ruckseitige Warmeubertragungs- 
platte aus beschichtetem Aluminium bestehen, 
worin die Beschichtung so wirkt, daB sie die War- 
meubertragungsplatten von der Elektrophorese- 
spannung elektrisch isoliert. 

Die Vorrichtung nach Anspruch 7, worin die Tempe- 
ratursteuerung folgendes aufweist: 

(a) eine stimseitige Warmeubertragungsplatte, 
die eine stimseitige Flache der Elektrophorese- 
kammer beruhrt, worin DurchfluBkanale mit 
Einund AuslaBoffnungen in der stimseitigen 
Warmeubertragungsplatte ausgebildet sind, 



5 6. Die Vorrichtung nach Anspruch 5, worin der Spek- 
tralanordnungsdetektor einen optischen Aufbau 
aufweist, der folgendes aufweist: 

(a) Drehspiegel, die das Laserlicht an einen ge- 
io wunschten Ort lenken, 

(b) Teleskoplinsen, die das Laserlicht auf eine 
Position innerhalb der Elektrophoresekammer 
fokussieren, 

'5 

(c) einen KrOmmungsspiegel, der das Laser- 
licht in einem rechten Winkel zur Elektrophore- 
sekammer lenkL 

0 (d) eine aspherische Sammellinse, die das 

Fluoreszenzemissionslicht in Richtungdes De- 
tektors kollimiert, 

(e) einen Satz laserabweisender Filter, welche 
5 die Menge externen Laserlichts, das in den De- 

tektor eintritt, verringern, sowie 



(b) eine Temperatursteuerung zur Steuerung 30 
der Temperatur des elektrophoretischen Sepa- 7. 
rattonsmediums wahrend der Elektrophorese. 



(b) eine CCD-Anordnung zur Erfassung von Ort 

und Intensitat des separierten Emissionslichts, (b) eine ruckseitige Warmeubertragungsplatte, 

die eine ruckseitige Flache der Elektrophorese- 

(c) eine Laser-Erregerlichtquelle, 55 kammer beruhrt, worin DurchfluBkanale mit 

Ein- und AuslaBoffnungen in der stimseitigen 

(d) einen optischen Aufbau, urn das Erreger- Warmeubertragungsplatte ausgebildet sind, 
und Emissionslicht so zu lenken und zu kondi- 
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13. Die Vorrichtung nach Anspruch 12 mit einem Plal- 
tenjustierungsmechanismus, der den Detektions- 
bereich der Elektrophoresekammer im Verhattnis 
zur Detektionsoptik optimal positioniert. 

5 

1 4. Die Vorrichtung nach Anspruch 1 2, worin eine Spie- 
gelbeschichtung auf die nach innen gekehrte Fla- 
che der stirnseitigen Platte aufgetragen ist, so daG 
das Erreger-Laserlicht nach dem Durchtritt durch 

70 die ruckseitige Platte und die Elektrophoresekam- 
mer auf die Spiegelflache trifft und zuruck durch die 
Elektrophoresekammer reflektiert wird : wodurch es 
zusatzliche Fluorophoren erregt, deren Licht dann 
gesammelt wird, was zu einem starkeren emittier- 

is ten Lichtsignal tuhrt. 

Revendications 

20 1 . Appareil d'electrophorese a fluorescence a balaya- 
ge en temps reel, pour I'analyse electrophoretique 
de Iragments polynucleotidiques marques par fluo- 
rescence, du type possedant une chambre d'elec- 
trophorese contenant un milieu de separation elec- 
ts trophoretique pouvant accueillir plusieurs rangees 
d'electrophorese disposees selon une configura- 
tion plane, un detecteur de fluorescence monte sur 
une plate-forme pouvant etre deplacee en transla- 
tion, une source de lumiere pour exciter des mol6- 
30 cules fluorescentes et un ordinateur pour collecter 
des donnees constitutes par des informations de 
temps, de position, de longueur d'onde de fluores- 
cence, et d'intensite de fluorescence, dans lequel 
le perfectionnement comprend : 

35 

(a) un detecteur de reseau spectral pour la de- 
tection de la lumiere d'emission en provenance 
desdits fragments polynucleotidiques marques 
par fluorescence y compris la detection simul- 

40 tanee de plusieurs marqueurs fluorescents, 

(b) un moyen de controle de la temperature 
pour controler la temperature du milieu de se- 
paration electrophoretique au cours de I'elec- 
trophorese. 

45 

2. Appareil selon la revendication 1, dans lequel la 
sortie du detecteur de reseau spectral est traitee de 
maniere a constituer un filtre virtue!. 



(c) ein flieBfahiges Warmeubertragungsmedi- 
um, das durch die DurchfluBkanale in der stirn- 
seitigen und der ruckseitigen Warmeubertra- 
gungsplatte zirkuliert, 

(d) eine Pumpe zur Zirkulation desflieBfahigen 
Warmeubertragungsmediums, 

(e) einen Warmetauscher, in dem das flieBfahi- 
ge Warmeubertragungsmedium Warme mit 
der umgebenden Atmosphare austauschen 
kann, 

(f) einen Rechner zur Steuerung der Tempera- 
tur der Warmeubertragungsplatten durch 
Steuerung des Durchflusses des zirkulieren- 
den Warmeubertragungsmediums, 

(g) einen Temperatursensor, derdiestimseitige 
und die ruckseitige Warmeubertragungsplatte 
beruhrt und elektrisch mit dem Rechner ver- 
bunden ist, um Temperaturdaten an den Rech- 
ner zu ubertragen. 

10. Die Vorrichtung nach Anspruch 9, worin der War- 
metauscher durch eine Kuhlvorrichtung ersetzt 
wird, worin die Kuhlvorrichtung das flieBfahige War- 
meubertragungsmedium unter die Temperatur der 
umgebenden Atmosphare abkuhlt. 

11. Die Vorrichtung nach Anspruch 9, worin der War- 
metauscher durch eine Heizvorrichtung ersetzt 
wird, worin die Heizvorrichtung das flieBfahige War- 
meubertragungsmedium uber die Temperatur der 
umgebenden Atmosphare aufheizt. 

12. Die Vorrichtung nach Anspruch 1, worin die Elek- 
trophoresekammer folgendes aulweist: 

(a) eine stimseitige und eine ruckseitige Glas- 
platte, wobei die ruckseitige Platte als die Platte 
definiert ist, durch die das Erreger-Laserlicht in 
die Elektrophoresekammer eintritt, 

(b) zwei Abstandshalter, die dazu dienen, einen 
gleichmaBigen Abstand zwischen den Glas- 
platten einzuhalten und die soweit voneinander 
entfernt sind, daB eine Kammerdicke von 0,1 
bis 1 ,0 mm entsteht, 

(c) einen Platten halter, der Glasplatten von un- 
terschiedlicher Lange aufnehmen kann und so 
wirkt, daB er das Eiektrophoresemedium stutzt 
und festhalt, und worin die Glasplatten durch 
Zwingen, weiche die Rander der Platten ab- 
dichten, um ein Lecken des Separationsmedi- 
ums zu vemindem, sicher an ihrem Platz im 
Plattenhalterfestgehalten werden. 



so 3. Appareil selon la revendication 2, dans lequel les 
longueurs d'onde dudit filtre virtuel sont 540, 560, 
580 et 610 nm, chacune ayant une largeur de 10 
nm. 

55 4. Appareil selon la revendication 2, dans lequel les 
longueurs d'onde dudit filtre virtuel sont 530, 545, 
560 s et 5B0 nm, chacune ayant une largeur de 10 
nm. 
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5. Appareil selon la revendication 1 , dans lequel le de- 
tecteur de reseau spectral comprend : 

(a) un reseau de diffraction pour separer la lu- 
miere d'emission, 

(b) une matrice de CCD {circuit a couplage de 
charges) pour detecter la position et I'intensite 
de la Iumi6re d'emission separee, 

(c) une source laser de lumiere d'excitation, 

(d) un dispositif optique pour diriger et condi- 
tionner la lumiere d'excitation et d'emission afin 
de minimiser la quantite de lumiere d'excitation 
diffusee atteignant le detecteur. 

6. Appareil selon la revendication 5, dans lequel le de- 
tecteur de reseau spectral comprend un dispositif 
optique comportant : 

(a) des miroirs rotatifs qui dirigent la lumiere la- 
ser vers une position desiree, 

(b) des lentilles telescopiques qui focalisent la 
lumiere laser vers une position situee a Pinte- 
rieur de la chambre d'electrophorese, 

(c) un miroir de deflexion qui dirige la lumiere 
laser perpendiculairement a la chambre d'elec- 
trophorese, 

(d) une lentille collectrice aspherique qui colli- 
mate la lumiere d'emission par fluorescence 
dans la direction du detecteur, 

(e) un groupe de filtres d'attenuation de laser 
reduisant le niveau de lumiere laser parasite 
qui entre dans le detecteur, et 

(f) une lentille plan-convexe qui focalise la lu- 
miere d'emission au niveau d'une position de- 
siree. 

7. Appareil selon la revendication 1, dans lequel le 
moyen de controle de la temperature comprend des 
plaques de transfer! thermique avant et arriere qui 
sont en contact avec une face avant et une face ar- 
riere de la chambre d'electrophorese. 

8. Appareil selon la revendication 7, dans lequel les 
plaques de transfer! thermique avant et arriere sont 
faites d'aluminium pourvu d'un revetement, le reve- 
tement ayant pour but d'isoler electriquement les 
plaques de transfert thermique vis-a-vis de la ten- 
sion d'electrophorese. 

9. Appareil selon la revendication 7, dans lequel le 
moyen de controle de la temperature comprend : 

(a) une plaque de transfert thermique avant mi- 
se en contact avec une face avant de la cham- 
bre d'electrophorese, des canaux d'ecoule- 
ment etant formes a Pinterieur de la plaque de 
transfert thermique avant, y compris des orifi- 
ces cf entree et de sortie, 



(b) une plaque de transfert thermique arriere 
mise en contact avec une face arriere de la 
chambre d'electrophorese, des canaux d'ecou- 
lement etant formes a Pinterieur de la plaque 

5 de transfert thermique arriere, y compris des 

orifices d'entree et de sortie, 

(c) un milieu de transfert thermique fluide qui 
circule a travers les canaux d'ecoulement dans 
les plaques de transfert avant et arriere, 

io (d) une pompe pour faire circuler le milieu de 

transfert thermique fluide, 
(e) un echangeur de chaleur dans lequel le mi- 
lieu de transfert thermique fluide peut echanger 
de la chaleur avec ['atmosphere ambiante : 

75 (f) un ordinateur pour controler la temperature 

des plaques de transfert thermique par un con- 
trole de I'ecoulement du milieu de transfert ther- 
mique en circulation, 

(g) un capteur de temperature en contact avec 
20 les plaques de transfert thermique avant et ar- 

riere et relie electriquement a Pordinateur afin 
de transmettre des donnees de temperature a 
Pordinateur. 

2S 10. Appareil selon la revendication 9, dans lequel 
Pechangeur de chaleur est remplace par un dispo- 
sitif de refroidissement, I'appareil de refroidisse- 
ment portant le milieu de transfert thermique fluide 
a une temperature inferieure a celle de Patmosphe- 
re ambiante. 
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11. Appareil selon Ja revendication 9, dans lequel ledit 
echangeur de chaleur est remplace par un dispositif 
de chauffage, le dispositif de chauffage portant le 
milieu de transfert thermique fluide a une tempera- 
ture superieure a celle de Patmosphere ambiante. 

12. Appareil selon la revendication 1, dans lequel la 
chambre d'electrophorese comprend : 

(a) des plaques de verre avant et arriere, la pla- 
que arriere etant definie comme etant la plaque 
a travers laquelle la lumiere laser d'excitation 
entre dans la chambre d'electrophorese, 

(b) deux pieces d'ecartement qui servent a 
maintenir une separation uniforme entre les 
plaques de verre, espacees de maniere a pro- 
curer une epaisseur de chambre de 0,1 a 1,0 
mm, 

(c) un support de plaques qui peut recevoir des 
plaques de verre de longueurs diff erentes et qui 
sert a supporter et a retenir ledit milieu d'elec- 
trophorese et dans lequel lesdites plaques sont 
fermement maintenues en place a Pinterieur du 
support de plaques par des fixations qui main- 
tiennent les bords des plaques etanches afin 
d'empecher des f uites du milieu de separation. 
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13. Appareil selon la revendication 12 possedant un 
m6canisme de positionnement de plaque qui posi- 
tionne de maniere optimale la zone de detection de 
la chambre d'electrophorese par rapport a I'optique 

de detection. s 

14. Appareil selon la revendication 12 possedant un re- 
vetement de miroir applique sur la surface de la pla- 
que avant qui est tournee vers I'interieur, de sorte 
que la lumiere laser d'excitation, apres avoir traver- to 
se la plaque arriere et la chambre d'electrophorese, 
rencontre la surface du miroir et renvoyee par re- 
flexion a travers la chambre d'electrophorese pour 
ainsi exciter des fluorophores supplementaires 
dont la lumiere est recuperee, avec pour resultat un 75 
signal lumineux 6mis accru. 
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Fig. 1 
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Fig. 5 
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